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November 2014 
Bringing 
Astrophysics and 
Cosmology to the 
Particle Data Book  
PDG:  60 years of evaluating data 
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1996 PDG Meeting 
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2000 PDG Meeting 
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Keith became a PDG author 
with the 1986 edition 
16 editions (32 years). 
 
Minnesota note:   
Serge Rudaz and Tony Gherghetta  
have also been PDG authors. 
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Because of his outstanding service,  
Keith was made  
first author of the 2014 edition. 
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Before more about Keith: 
 
What is PDG? 
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PDG Collaboration 
223 authors from 148 institutions 24 countries 
plus 700 consultants 
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1988 
2016 
Author Lists 
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PDG Books 
2014 with Data Listings 2016 Data Listings online only Booklet 
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Content in 2017 
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Full Summary Table 1957 
(from Wallet Cards) 
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Front             Back 
Wallet Cards 1957 
Summary Table 
Atomic & 
Nuclear 
Constants 
Physical Constants, 
Num’l Constants, 
Gaussian Dist’s, 
etc. 
dE/dx, 
Radiation lengths, 
etc. 
Particle Ranges, 
Energy Loss  
Rates 
Multiple 
Scattering 
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PDG Database 1980 
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THE PARTICLE DATA GROUP: GROWTH AND 
OPERATIONS 
  
Excerpts: 
A single international group, the Particle Data Group 
(PDG), compiles all the data on particle properties. 
 
We briefly discuss how the data rate grew from a 
trickle to a fairly steady flood....  We outline how PDG 
has learned to  
collect, evaluate, correct, verify, analyze, and distribute 
the data,…     
PDG has taken on the responsibility of critically 
reviewing the results of experiments. 
 
Of over 154 pages of "Listings," 50 pages are actually 
not listings, but figures, or …reviews. 
 
In our experience, transatlantic collaboration works 
surprisingly well, but only after people have worked 
together and grown to know one another well. 
Art Rosenfeld  
1975 review article 
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PDG Innovations 
Pocket version to Pocket version 
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When we talk to DOE… 
PDG 
leverages all 
frontier areas:   
• Energy, 
• Intensity,  
• Cosmic. 
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The Essence of PDG 
Listings of Data  
   (with Summary Tables)  
 
Reviews of Essential Topics  
 
pdgLive  
    (an interactive combination of  
       Listings and Reviews) 
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The Web allows us to see what most 
interest our readers.   
 
The hits (page views) on  
Data Listings = Reviews  
almost exactly equal. 
 
Clearly people care about both. 
Listings and Reviews  
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Printed – updated in even years 
• Book  –    14,000 copies 
• Booklet – 32,000 copies 
 
Online – updated once a year. 
     More than 100 million hits total. 
• Full content of the book (PDF) 
• pdgLive – Interactive web app 
             All the content as the PDF files.  Cross-linked with INSPIRE,    
              which is cross-linked with others. 
 
8 Mirror sites 
What PDG Produces 
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PDG Citations 
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What Keith Does for PDG 
Everything 
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What Keith Does for PDG 
1) Write Reviews (since 1986) 
 
2) Data Listings (since 1988)  
For Astrophysical data on: 
SUSY, Axions, Neutrinos, Technicolor, 
Compositeness, Extra Dimensions. 
 
3)  Manage Reviews  (since 1996; 
 now 8 reviews) 
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Reviews Data Listings 
1986 
1986 
We have a  
special page for 
astrophysics & 
cosmology 
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The  
beginning: 
Big Bang 
Cosmology 
1986 
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1988 
<132 eV 
2016 
<0.15 eV 
Sum of Neutrino Masses 
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2016 
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2016 Parameter  
Constraints 
Within the review of “Cosmological Parameters” 
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31,506   The cosmological parameters 
21,598   Dark matter 
19,873   Astrophysical constants 
18,822   Big-Bang cosmology 
14,641   Dark energy 
11,546   Cosmic microwave background 
10,632   Big-Bang nucleosynthesis 
  8,964   Experimental tests of gravitational theory 
Total Cosmology Downloads 137,582  (9.2%) 
 
Downloads:  
2014 edition until 2016 edition released 
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Higgs boson 
Passage of particles through matter 
Plots of cross sections and related quantities 
Neutrino mass, mixing, and oscillations 
Statistics 
Quark model 
QCD 
Cosmic rays 
Particle detectors at accelerators 
Electroweak model and constraints on new physics 
Kinematics 
CKM quark mixing matrix 
Physical constants 
Cosmological parameters 
Dark energy 
Top quark 
Dark matter 
Cross section formulae 
Big bang cosmology 
Amazing Diversity of Topics 
Interest Our Community 
Downloads 
Downloads of  
PDG reviews in 
2014 edition 
(in past year) 
plus 90 more reviews 
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1986   Big-Bang cosmology 
1986   Astrophysical constants 
1992   Dark matter 
1996   The Hubble Constant 
1996   Cosmic microwave background 
1996   Big-Bang nucleosynthesis 
1998   Experimental tests of gravitational theory 
2000   Pocket Cosmology  (replaced B.B.C.) 
2000   Global cosmological parameters: H0, ΩM, Λ (repl. Hubble) 
2002   Big-bang cosmology  (repl. Pocket)  
2004   Cosmological parameters  (repl. G.C.P.) 
2014   Dark energy 
2016   Inflation 
Year of First Appearance  
9 Reviews: 
All coordinated by 
Keith for 
consistency, overlap, 
lack of bias, use of 
same numbers, etc.  
2018  Cosmological neutrino constraints 
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16 Cosmology Authors 2016 
• Thibault Damour 
• Manuel Drees 
• John Ellis 
• Brian Fields 
• Gilles Gerbier 
• Ofer Lahav 
• Andrew Liddle 
• Paulo Molaro 
• Keith Olive 
• John Peacock 
• Subir Sarkar 
• Douglas Scott 
• George Smoot 
• David Wands 
• David Weinberg 
• Martin White 
Keith coordinates authors,  
manages discussions, handles disputes, etc.   
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And a few more things about  
PDG and about Outreach 
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Available now for FREE  
to planetariums worldwide. 
Planetarium Show 
    110 million people a year watch planetarium shows. 
 Phantom of the Universe  
The Hunt for Dark Matter 
http://PhantomOfTheUniverse.org 
 Phantom of the Universe  
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DARK MATTER 
 Galaxies, Clusters, Underground searches & LHC 
 Narrator is Tilda Swinton, Academy Award-winning actress. 
 Sound effects by  Skywalker Sound 
 Worldwide collab.: LBNL, UTA, MSU, CERN, Valencia, etc. 
Planetarium Show   Phantom of the Universe  
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  German version showing in Austria and Germany  
  French translation completed; narration soon. 
 Nominated for International Full Dome Festival  
       in Germany later this month. 
  Showing or scheduled in: 112 Planetariums 
  24 U.S. States. 
  All 5 continents.  34 countries.  16 Languages. 
Planetarium Show   Phantom of the Universe  
Available now for FREE  
to planetariums worldwide.    
barnett@lbl.gov 
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New: Mobile-Friendly Version 
All the content of 
the regular site 
including pdgLive: 
The entire book in 
your pocket. 
 
pdg.lbl.gov 
Google now gives 
priority to mobile-
friendly websites 
for searches from 
smartphones. 
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Is having a copy of the full-sized book  
essential to your work or study? 
 
Is a Book without Data Listings OK?  (45% as big) 
   (keeping online Data Listings) 
 
How important is an app? 
 
Similar questions were asked about the Booklet. 
  
  
 
PDG Survey in 2014 
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An amazing 6172 readers responded, 
demonstrating the very high value our  
community places on PDG products 
(and 1495 comments). 
 
 
The comments occupy 110 pages. 
 
PDG Survey in 2014 
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   68% want the book,  
           with or without the Data Listings 
 
  2/3 said app was important or very important. 
 
   82% want the booklet  
 
PDG Survey on Book 
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–  Downloadable PDG data 
–  pdgLive version for offline use (as an app) 
–  Emphasis on searching and indexing, rather than navigation 
–  Interactive plotting, data selection and evaluation 
–  User tagging or display of contributed content 
–  Cross-linking with other services (pdgLive ↔ INSPIRE available) 
Implementing these new features is a long-term effort  
given our declining resources 
Future Possibilities 
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   32,000 Booklets requested 
   14,000 RPP books requested 
   9 million hits/year on website (>180 countries) 
            108 million hits on website in total 
   61,000 combined citations of RPP 
   Most cited publication in HEP 
PDG Impact 
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The Review is the all-time top cited article in 
High Energy Physics with more than  
61,000 citations (INSPIRE) since Keith joined. 
    Top Cited 
Citations increase for 
years after an edition 
is published 
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    PDG Summary 
PDG provides a vital, dynamic, innovative service.   
It leverages the work of all the HEP community, and 
Keith connects us with the astro-cosmology community. 
 
The HEP community depends on PDG to provide  
standards and to assure integrity and quality in  
summarizing particle physics.  Keith works with 16 
authors to assure a coherent whole to his set. 
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Thank you Keith! 
 
and  
 
Happy Birthday! 
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The End 
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Community Connections 
PDG Advisory Committee 
Collaboration with Working Groups 
PDG Workshops 
Periodic Surveys 
Input from users 
Via membership in research collaborations 
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Collaboration with Working Groups 
Working groups:  
LHC, Tevatron, B-factories,… 
• Higgs 
• Electroweak fits,  
• B lifetimes, B mixing,  
• Vcb and Vub 
• top quark mass, etc. 
Provide fits to our data using PDG guidelines. 
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With experts lead to improved coverage: 
 
Searches      
Higgs       
Neutrino      
D meson      
CKM      
 lepton       
Extra-dimensions        
Statistics 
Vital PDG Workshops 
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Year of Book    Number of Search Papers 
 
 
        2010              136 
 
  
        2014              509 
Huge Increase in Search Papers  
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Workload Trends 
Measurements (Data entries) 
Some editions are 
more or less than 24 
months, yielding 
fluctuations in graphs. 
LHC bump 
So there is an 
increasing workload   
on the LBNL group. 
52 M. Barnett – May 17, 2017 
Data versus time 
Measurements (Data entries) 
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Data versus time 
Measurements 
(Data entries) 
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History Plots 
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Confidence Levels in PDG Averages 
Each point is 
one average. 
Peak at left due 
to conflicting 
measurements.   
Broad peak at 
right due to 
conservative 
error bars.  
Expectation 
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Confidence Levels in PDG Listings 
Masses Branching Ratios 
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About Reviews 
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Latest plot 
shows large 
mixing of 
neutrinos 
Hitoshi 
Murayama 
Neutrinos 
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New reviews on: 
  Higgs Boson Physics 
  Dark Energy 
  Monte Carlo Neutrino Generators 
  Resonances 
Significant update/revision to reviews on: 
  Top Quark 
  Dynamical Electroweak Symmetry Breaking 
  Astrophysical Constants 
  Dark Matter 
  Big Bang Nucleosynthesis 
  Neutrino Cross Section Measurements 
  Accelerator Physics of Colliders 
  High Energy Collider Parameters 
112 reviews in 2014 Edition 
(most are revised or new) 
New in 2016 Edition: 
  Inflation 
  Grand Unified Theories 
  Pentaquarks 
   etc. 
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“The PDG is already operating at a very efficient level, which is 
how they have managed to expand the coverage into the field of 
cosmology and particle astrophysics while still maintaining the 
high standards in the rest of particle physics.   
 
“This efficiency comes from several advances:   
• the new software infrastructure that allows for more authors to 
enter data themselves,  
• the fact that the PDG works in concert with experimental 
working groups when appropriate, and  
• the fact that the PDG has been able to coax some 200 authors 
to contribute and a total of 700 physicists worldwide to provide 
input through the peer review process.   
 
“The quality of the work that the PDG represents is part of what 
makes people want to provide input to the PDG process.” 
PDG Advisory Committee 
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Quotes 
“Several reviewers remarked that HEP would be a 
qualitatively weaker field if the PDG were not there as a 
current, growing resource.” 
   DOE S&T review of LBNL 
 
“This review is used by people at all levels in the both 
theory and experiment, and the committee frankly cannot 
imagine the field without the compilation that is 
embodied in the RPP.   
“The importance of this work can not be overstated.”   
   PDG Advisory Committee 
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Reviews: Linked or Not to Listings 
616,000  downloads of Reviews per year. 
  
Linked Reviews: 
2/3 of reviews are linked to the Listings 
     (Higgs, neutrinos, top quarks, K mesons,  
       B mesons, SUSY, etc.). 
Vital to understanding content of Listings. 
 
 
Non-linked Reviews: 
The 1/3 non-linked reviews are both vital and 
among the most downloaded.   
     (Electroweak Model,  Statistics,  Particle   
       Detectors, Cosmological Parameters, etc.) 
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Astrophysical Constants  6091 
Big Bang Cosmology  7799 
Cosmological Parameters:  
      H0, , , etc.    13769 
Experimental Tests of 
      Gravitational Theory  4234 
Dark Matter    8591 
Dark Energy   7627 
Cosmic Background Rad.   5587 
Big Bang Nucleosynthesis  4343 
 Total Cosmology Downloads 58,041 (9.4%) 
                                                      
Astrophysics & Cosmology 
(from Dark Energy review) 
Downloads of   
    Reviews:           
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PDG at LBNL  (Central coordination, data evaluation,  quality assurance,  
                          schedule control, and production) 
     3.5 FTE’s  (6 physicists: half research)  + editor, programmer, etc. 
          
PDG Collaborators outside of LBNL PDG 
     200 Physicists from 24 countries  (volunteers at <5% level). 
  
PDG Consultants – 700 physicists 
•    Experiments’ Physics Coordinators (etc.) – verifying data listings 
•    Referees of reviews (3-5 for each review)  
•    General consultants on content 
  
PDG Users:   tens of thousands 
 
Clearly this cannot work without vital central coordination. 
What is the PDG Collaboration? 
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PDG Chart 
(much to coordinate) 
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PDG leadership group at LBNL coordinates the entire effort 
  
• Produce and publish the Review (book, booklet, web, pdgLive) 
• Data evaluation, all the final checking & editing   
• Major contributor to the content 
• Choose the authors and the content 
• Maintain & drive the schedule  
• Coordinate the input of 700 consultants from HEP community 
 
Essential for 
• High quality  
• Timely publication  
Central Leadership 
